The recent advances in the design of scanning electron microscopes, which produce three-dimensional images, permit the examination of intact trichomonads and their surface details. The value of this method is illustrated by the report of Nurnberger, Bartunek, and Schultze (1974) , who worked with cultures of trichomonads. We have therefore undertaken a study of T. vaginalis using both scanning and transmission electron microscopy.
Material and methods
Material was taken directly from patients with trichomoniasis or with mixed infection (gonorrhoea plus trichomoniasis). For transmission microscopy, the material was processed as described previously (Ovicnnikov, Delektorskij, and Kosmacheva, 1974) . For scanning microscopy, the material was fixed in 0-1 M cacodylatebuffered glutaraldehyde for 30 to 40 min., washed with 0-1 M cacodylate buffer, and post-fixed in osmium tetroxide for 5 to 10 min. After dehydration in a battery of alcohols, the specimen was transferred from 100 per cent. alcohol into propylene oxide and thoroughly shaken. The suspension was then placed on the microscope stage which had been covered with a thin layer of currentconducting glue. After being coated with gold, the Received for publication April 22, 1975 specimen was examined in the Cwikscan (USA) or Hitachi HHS-2 (Japan) microscope, both with 100 A resolution.
Results and discussion A trichomonad may have one of the three main shapes: bulbous, amoeboid, or spherical. Under the scanning microscope its surface appears ruffled or creased (Figs 1, 3, 4) with numerous crater-like depressions (Fig. 2) . Distinctly visible are the undulating membrane with a recurrent flagellum (Figs 1 and 3) and four free flagella which start off in a single bundle and then separate (Fig. 4) . Sometimes the end of the axostyle is seen to protrude in the form of a spicule (Fig. 1) .
Crater-like depressions in the surface appear to represent the initial stage in the formation of digestive vacuoles or pinocytotic vesicles. Ultrathin sections also clearly show numerous invaginations in the outer membrane (Figs 5, 6) . Food particles are seen to be drawn into the larger invaginations. These findings do not support the suggestion of Nurnberger and others (1974) 9 Entrapment of a coccus shown in two stages.
In Fig. 8 the coccus is almost trapped. x 7,500 In Fig. 9 The main structural features of trichomonads have been described in a number of reports. This paper presents additional information, which supports and extends previous data and prompts a reconsideration of certain earlier theories.
In particular, it is necessary to amplify the current concepts of the morphology and functional significance of vesicles. Panaitescu and others (1971) confirmed the observations of Perju and Petrea (1963) and Smith and Stewart (1966) (Figs 17, 18, 20) . These have a three-layered membrane (two electron dense layers and one transparent layer) and contain residues of digested food particles (Fig. 18) or micro-organisms (Fig. 9) . The formation of a phagosome and fusion with a granule are well shown in Fig. 17 (Figs 21 and 23 ). In the peripheral parts of the cell, the cytoplasm has a a finely granular or fibrillar structure. After staining with Ruthenium red for acid mucopolysaccharides (Hashimoto, 1964) , the reaction products are distributed peripherally in a finely granular or amorphous layer adjacent to the outer membrane and especially distinct at the walls of some vesicles (Figs 17 and 19) . Thus, the existing descriptions of vesicles need revision for they are morphologically and functionally heterogeneous.
Histochemical and biochemical techniques should be valuable in the study of the metabolism of trichomonads. Some of these methods were used by Muller (1973) and Lindmark and Muller (1973) , who investigated the subcellular localization of hydrolases, dehydrogenases, and catalases in Trichomonas foetus. Their observations are extremely interesting, although the functional and enzymological data for T. foetus probably do not apply to T. vaginalis, since the two species are morphologically dissimilar. Lindmark and Muller (1973) suggested the name "hydrogenosomes" for lysosome-like structures lacking hydrolases. The authors share the opinion of Heath (1974) that the functional significance of lysosomes and vesicles in trichomonads is not at all clear and requires further study. Ultrathin sections of trichomonads clearly show the outer membrane (pellicle), the nucleus and nucleolus, the parabasal apparatus, the Golgi zone, flagella, blepharoplasts, costae, and the axostyle. T. vaginalis has a threelayered outer membrane (Fig. 32) which adheres to the cytoplasm and continues on to the flagella and undulating membrane (Figs 39 and 40) . The nucleus has a finely granular structure (Fig. 26) The prominent Golgi zone (Fig. 27) shows flattened sacs and vesicles with homogeneous contents of moderate electron density. In crosssection, a flagellum has nine pairs of peripheral ringlets (microtubules) and two separate ringlets in the centre (Fig. 39) . It is bounded by an outer membrane. The intracellular part of the flagellum has no envelope. Each flagellum is attached to a blepharoplast. In longitudinal section, an electron dense granule marks the transitional zone between the central microtubules and the blepharoplast (Fig. 30) .
Each blepharoplast consists of nine triplets of microtubules arranged in the form of a cylinder (Figs 28 and 29) . In contrast to the flagellum, it has no central microtubules.
A costa extends from each of the blepharoplasts (Figs 31 and 32) . The undulating membrane is also provided with a costa, which appears to join the recurrent flagellum. The costae have a specific structure resembling collagen fibres, with distinct and regular longitudinal and cross striations. They are evidently involved in the movements of the protozoon.
The axostyle is a cylindrical structure slightly tapering towards each end (Fig. 33) . Its lower end often protrudes from the cell surface in the form of a spicule of variable length (Figs 1, 34, 34a) . The walls of the axostyle are composed of microtubules and its internal cavity contains small inclusions.
In ultrathin sections, the undulating membrane appears as an elongated tube with a rounded end. Its length varies. In certain planes of section the impression is given that there are two or three undulating membranes (Fig. 35 and 35a ), sometimes with a pinocytic vesicle (Fig. 35) . A few sections show the undulating membrane within a large cavity (Figs 36 and 37) , which contains food particles (Fig. 37) . Possibly this is rudimentary cytostome. Clear cavities may be visualized at the base of the undulating membrane (Fig. 38) , which is bounded by the pellicule (Fig. 40) continuing directly from the cell body. A spiral structure courses throughout the undulating membrane (Figs 37 and 39) , and electron dense triangular formations are visible under the inner layer of the pellicle (Fig 40) .
The undulating membrane is always associated with a recurrent flagellum, which is similar in structure to the other flagella. As a rule, it is seen in cross-section. scanning electron microscopy.
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